Separation and Determination of Phenolics and Alkaloids in Synthetic and Natural Samples by Sikarwar, Anupama
SEPARATIOW AND DETERMINATION OF 
PHENOLICS AND ALKALOIDS IN SYNTHETIC AND 
NATURAL SAMPLES 
/ 'IV ^- SUMMARY 
THESIS 
I' 
SUBMITTED FOR THE DEGREE OF 
Bottor of ^t|tlos;opI)p 
\ - ^^ CHEMISTRY 
BY 
ANUPAMA SIKARWAR 
DEPARTMEN- OF CHEMISTRY 
ALIGARH ^^U3LIM UNIVERSITY 
ALIGARH (IIV!':iA) 
199^ 
C 
^-^. 
> 
) • 
j v - f T ^ . , ; ) ^ \ ^ 
SUMMARY 
The thesis comprises of the following five Chapters: 
1). Introduction. 
2). Separation of Phenolic Compounds on Stannic Arsenate -
Silica Gel Layers: Quantitative Separation and 
Determination of Tannic acid in apple. 
3). Separation of Phenolic Compounds on Stannic Arsenate-
Silica Gel Layers: Quantitative Separation and 
Determination of Pesticidal Phenolic by Products in 
Banana. 
4). Paper Electrophoretic Separation of Phenolic Compounds in 
Acetate and Citrate Buffer Systems: Determination of Some 
Important Phenolics in Blood. 
5). Chromatography of Alkaloids on Stannic Tungstate Layers 
and Columns: Screening of Sparteine in Cattle Feed And 
Milk. 
Chapter 1 gives an account of the work done in the field 
of inorganic ion-exchangers with an exhaustive list of references 
Analytical applications of inorganic ion-exchange materials and 
separation techniques like chromatography and electrophoresis are 
discussed. It is well established that electrophoresis provides the 
best resolution for components of biological interest. The 
widespread occurrence and several beneficial as well as harmful 
effects of phenols and alkaloids is also discussed. It is 
frequently necessary to perform quantitative separations with the 
objective either of isolating the desired constituents or of 
removing the interfering substances. This necessitates employing 
materials with suitable sorption properties, high selectivity and 
high mechanical and chemical stability. Inorganic ion-exchangers 
have acquired a prominent position in the field of separation 
science. They have an analytical potential for recovery and 
concentration of strongly adsorbed trace constituents. 
Retention behaviour of important phenolic compounds on 
stannic arsenate-silica gel layers is studied. Simple and mixed 
solvent systems of varying polarity are used. The study revealed 
a number of important binary and ternary separations. Methanol-
O.IM hydrochloric acid (1:1 v/v) system was found to be the 
best for quarternary separation of tannic acid, gallic acid, 
vanillic acid and parahydroxybenzoic acid in apple. The method 
is compared with Haslam & Wilson method with respect to 
simplicity of the method, accuracy, time and cost. A few other 
important quantitative separations were actually achieved, viz; (i) picric 
acid from tannic acid, vanillic acid, salicylic acid, 3-nitrophenol. 4-
nitrophenol and of (ii) menthol from salicylic acid. 
A thin layer chromatographic method based on stannic 
arsenate-silica gel layers and simple & mixed solvent systems of 
varying polarity for separation of phenolics is reported. Banana 
fruit and plant tissue samples are analysed for pesticidal 
phenolic by products viz., m-nitrophenol, p-nitrophenol and p-
aminophenol. The intermolecular interaction of phenolics and 
their affinity to the thin layer with the change of solvent is also 
considered. Mutual separation and determination of m-
nitrophenol, p-nitrophenol, picric acid and p-aminophenol is best 
achieved in ethanol + l.OM citric acid (l:3v/v). The accuracy 
and reproducibility of the method has been checked statistically. 
A few other important quantitative separations achieved are. (i) 
2-chloro-3-pyridinol from chrysene, and (ii) o-chlorophenol from 
citrinin & picric acid. 
Paper electrophoresis of 35 phenolics in acetate and citrate 
buffers of varying pH is performed. The study revealed a 
number of important binary and ternary separations. A few 
important quantitative separations are achieved, viz; (i) resorcinol 
from quinol, catechol, coumaric acid, 3,4-dihydroxycinnamic acid, 
pyrogallol (ii) a-napthol from P-napthol and (iii) 4-nitrophenol 
from 2-nitrophenol, 4-aminophenol and picric acid. A new 
method of rapid sample preparation to obtain free and a few 
conjugated phenolics from blood is reported. Simultaneous 
separation and determination of five phenolics namely, quinol. 
resorcinol, coumaric acid, catechin & 3-4-dihydroxycinnamic acid 
using citrate buffer system of pH 3.67 and of gallic acid & 4-
aminophenol using acetate buffer system of pH 3.62 is achieved. 
These determinations were then correlated with the general 
health and habits of the persons whose blood samples were 
analysed. The accuracy and reproducibility of the method has 
been checked statistically. 
Column and layers of stannic tungstate have been utilised 
for studying the separation behaviour of various alkaloids in 
aqueous and mixed solvent systems. On the basis of retention 
factor and distribution coefficient values, separation of a number 
of alkaloids is achieved. With the help of simple linear 
regression analysis using the method of least squares a 
correlation of moderate degree in levels of sparteine in cattle 
feed and milk is recognised. 
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INTRODUCTION 
Analytical chemistry or the art of recognising different 
substances and determining their constituents takes a prominent 
position among the applications of science, since the question 
which it enables us to answer arise wherever chemical processes 
are employed for scientific or chemical purposes (W. Ostwald, 
1894). 
Analysis is an important aspect of experiment and the 
latter apart from its practical value in human endeavour occupies 
the fundamental place in scientific studies. 
It is frequently necessary to perform quantitative 
separations with the objective either of isolating the desired 
constituent in a measurable form or of removing interferring 
substances. Some methods of separation are distillation. 
crystallzation, formation of complexes, sutlimation etc. Berg has 
given a concise amount of such methods in his book entitled 
'Physical and Chemical Methods of separation* (I). However, 
Chromatography, electrophoresis and ion-exchange are most 
versatile techniques and can be applied to micro as well as 
macro levels and for routine analyses of complex mixtures. 
CHAPTER 
Planar chromatography includes thin layer chromatography, 
paper chromatography and paper electrophoresis. The sample 
travereses across the plate through the mobile phase, propelled 
by capillary action. Separation of components occurs through 
adsoprtion, partition, exclusion or ion exchange processes or a 
combination of these phenomenon. In paper chromatography, 
chromatograph is simply a piece of paper. Electrophoresis 
includes the migration of charged species through the stationary 
phase under the influence of an electric field. Electrophoresis 
performed on paper constitute the technique usually referred to 
as paper electrochromatography. 
A great number of inorganic materials, both synthetic and 
natural are known which are capable of ion exchange (2-5). 
Numerous applications of inorganic ion-exchangers can be found 
not only in the field of water purification- the original major 
application - but also in analytical chemistry, organic chemistry 
and biochemistry, food technology, isolation of elements in 
hydrometallurgy and in specialised fields related to the utilisation 
of atomic energy. 
Ion-exchange process assumes not only the equivalence of 
the exchange and reversibility but also that the exchanger be 
CHAPTER ' 1 
reproducibly prepared with given physico-chemical characteristics, 
that chemical changes do not occur during the ion 
exchange process that would substantially affect the 
sorption properties and, 
that the whole exchange process be characterised by an 
equilibrium state with a defined ion exchange equilibrium 
constant. 
The devlopment of ion exchangers can be divided into 
several periods (6). 
1. The period upto the year 1850 was of first experimental 
observation and information, principle of ion exchange had 
not yet been discovered. 
2. The period from 1850-1905 was characterised by discovery 
of ion-exchange principle and experiments in their 
technical utilisation. 
3. 1905-1935, characterised by the use of inorganic ion-
exchange sorbents and modified natural organic materials 
4. The period of synthetic organic ion-exchangers (1955-
1940). Inorganic ion-exchange sorbents were almost 
completely eliminated from all applications. 
5. The period from the mid 1930s to the present 
characterised both by the continued rapid development of 
artificial organic ion-exchangers and by renaissance in 
CHAPTER 
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inorganic ion-exchange sorbents and their practical 
applications. 
The use of soild adsorbents to improve the water quality 
has been recorded since ancient times. Based primarily on 
empirical experience, a method for removing salt from sea water 
was suggested by Francis Bacon (1623). Hales also recommended 
that sea water be desalinated by filtration through stone water. 
In, 1790 Loitz purfied sugar beet juice by passing it through 
charcoal. 
The information regarding the discovery of principle of 
ion-exchange was based primarily on the work of chemists 
studying soil chemistry. Gazzeri (1819) found that soil and 
especially clay retain dissolved fertiliser particle. Sprengel (1826) 
stated that humus frees certain acids from soil. Fuchs (1833) 
pointed out that the action of lime frees potassium and sodium 
from some clays. The works of Eicchorn demonstrated that 
exchange process in soils was reversible (7). Boedecker proposed 
an empirical equation describing the establishment of equilibrium 
on inorganic ion-exchange sorbents in 1859. 
Thomson (8) and Way (9) observed that calcium and 
magnesium ions of certain types of soil could be exchanged for 
potassium and ammonium ions. The process of ion-exchange 
CHAPTER 
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involving the complex silicates present in the soil could be 
represented as: 
Ca - soil + (NH,)^ SO, ^ = ^ NH, - Soil + CaSO, 
Harm (1896) and Rumpler (1903) proposed the use of 
natural and artificial aluminosilicates to purify the beet syrup. 
Cans (10) developed the basis for synthesis and technical 
application of inorganic cation exchangers. He termed the cation 
exchangers based on aluminosilicates "permutitis" and felt that 
these would find broad applications. 
During the period between 1930s and 1940s inorganic ion 
exchangers were replaced by high molecular weight organic ion-
exchangers. 
Organic ion-exchange resins possess high chemical and 
mechanical stability, but they are decomposed at elevated 
temperatures and also in the presence of strong ionizing 
raditions. Moreover, they are found to be inadequate using 
highly acidic or oxidising media. Thus, a great impulse for the 
revived interest in the use of inorganic ion-exchangers came 
particularly from the field of nuclear research. Pioneering work 
was carried out in this field by Kraus (11, 12) and Amphletl 
(13). The structure of inorganic ion-exchangers is stiff, therefore 
CHAPTER ' ' 1 
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they are more selective and suitable for separation purposes. In 
the last decade intense research has continued on the synthesis 
of crystalline ion-exchange materials, elucidation of their 
structure and correlaton with their physical, chemical and ion-
exchange properties and the use of these sorbents for the 
chromatographic separation of mixtures that are difficult to 
separate. 
A few important uses of inogranic ion-exchangers are:-
1. Separation of metal ions 
2. Removal of water and air pollutants 
3. Separation of ionic components in radioactive wastes 
4. Separation of organic compounds 
5. Preparation of ion selective electrode 
6. Preparation of fuel cells 
7. Preparation of artificial kidney machines 
Ion exchangers have also been employed in tracing 
chloropromazine in urine (14), morphine (15) and various 
pesticidal residues (16). Column chromatographic studies have 
been employed for determination of oestradiolbenzoate (17) and 
adenine in presence of vitamins B, & B,2 (18). Zabin and 
Rollins described separations using thin layers made from 
CHAPTER • 1 
INTRODUCTION 
inorganic ion-exchangers (19). 
The ionic selectivity of organic ion-exchangers is governed 
primarily by the character of the functional groups incorporated 
in the polymer skeleton and by the degree of crosslinking. The 
selectivity of exchange on inorganic sorbents has been explained 
by a great many theories but no unified hypothesis has been 
drawn up. Some authors have stated that the selectivity is given 
primarily by the magnitude of the hydration energy of the 
exchanged ion, charge density on the sorbent lattice and its 
structure. For e.g., greatest lattice charge density is exhibited by 
zeolites with low Si/Al ratios, low internal water contents and 
high affinity for small ions. 
Work on inorganic ion exchangers upto 1963 has been 
summarised by Amphlett (13) in his classical book 'Inorganic 
Ion-exchangers'. The later work upto 1991 has been condensed 
by Qureshi and Varshney (6). 
The chemical variety of inorganic ion-exchangers, their 
very characteristic properties for ion-exchange, the general 
inhomogeneity of the structure and their varying selectivities 
make it very difficult to find a single classification system 
Consequently, classification of these materials on the basis of 
CHAPTER •' ' 8 
chemical characteristics of the ion-exchanging species appears 
still useful, as proposed by vesely et.al., 
1. Polybasic acid salts 
2. Hydrous oxides 
3. Metal ferrocyanides 
4. Heteropoly acid salts 
Inorganic ion-exchangers of the first category are produced 
by mixing the acidic oxides of the metals belonging to IV, V 
and VI group of the periodic table. They are extremely insoluble 
and their composition is non-stoichiometric. Materials syntheiszed 
so far include phosphates, antimonates, vanadates, silicates, 
tellurates, arsenates, tungstates, molybdates, selenites of 
zirconium, titanium, thorium, tin, cerium, chromium, iron, 
niobium, tantalum etc. Table 1 summarises some of the polybasic 
acids possessing ion-exchanging properties. Insoluble metal salts 
of polybasic acids have been found to be particularly useful for 
chromatographic studies of anions, metal cations, complex 
molecules, metal nuclides etc. Zirconium phosphate papers have 
also been utilised as an electrophoretic support (245) for the 
study of inorganic ions. It follows from the study of literature 
that not much attention has been paid to utilising these materials 
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for the separation of organic compounds. Table 2 presents the 
application of some of these inorganic ion-exchange materials for 
the separation of amino acids, amines, phenols, sulfonamides, 
alkaloids, organic acids and terpenes. Hydrous oxides include 
bivalent, trivalent, tetravalent, pentavalent and hexavalent atoms. 
Hydrous BeO acts as cation and anion exchanger. A mixture of 
Mg (OH)^ with Fe (0H)3 and Al (OH), exhibits interesting 
sorption properties with irreversible sorption. Researchers have 
performed a novel and interesting study of the movement of 
twenty three anions and four cobalt (III) complexes on seven 
hydroxide treated papers and the relation of the separation 
sequence with the electrophoretic mobility of compounds in Li 
and K salt solution has been established (246). Amphoteric 
oxides such as hydrous alumina may adsorb either cation or 
anion depending upon the pH of the solution and this has been 
ascribed to the following equilibrium Al (OH^)* + OH -> Al 
(OH), -^ AlO (OH^)- + H* (247). Zinc oxide also shows 
amphoteric properties (248). Mixed oxides can be prepared in 
which second cation of higher charge than the parent cation is 
introduced into the structure. The resulting net positive charge 
being balanced by the presence of anions other than oxides and 
hydroxides. Examples of such materials include Zn (OH), in 
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TABLE - 2 
Separation Potential of Synthetic Inorganic 
,^ 
1 
lon-
1 exchangers Towards Different Organic Compounds. \ \ 
1 
1 n 
! S.No. 
1 
1 
1 
1 
1 
2 
3. 
j 
1 4 
i 
1 
1 
j 
j 5 
i 
1 
1 
u 
1 
1 
1 
1 
1 
1 
1 
Name of inorganic 
ion-exchange material 
zirconium phosphate 
zirconium oxide 
thorium (IV) phospho silicate 
titanium arsenate 
titanium oxide 
stannic tungstate 
stannic arsenate-silica gel (1:4) 
stannic molybdate 
Organic 
Compounds 
separated 
amino acids 
alkaloids 
amino acid 
alkaloids 
amino acids 
amino acids 
alkaloids 
ortho. meta. 
para, amino 
phenols 
amino acids 
phenols 
phenols 
phenols 
Technique 
Used 
PC 
PC 
PC 
PC 
PC 
PC 
TLC & CC 
TLC 
TLC 
TLC 
TLC 
PC 
Ref. 
! 
(225) ; 
(226^ j 
1227) 
(228) 
(229) i 
i 
1 1 
i ! 
1 ! 
(23(0 
(2.^ 1) 
C.-2) 
\ 
i 
1 1 
1 
1.2-v^) 
(IM) 
(235 > { 
I 
! ; 
(236) 1 
i 
1 
1 
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1 S.No. 
1 
i 
9 
10 
1 
1 
i " 1 
i 
1 
1 12 
1 1 
13 
1 
1 
14 
15 
1 
1 
17 
PC -
TLC -
i cc -
Name of inorganic 
ion-exchange material 
tin arseno silicate 
arseno phosphate 
tin (IV) phosphosilicate 
pyridinium tungstoarsenate 
zinc silicate 
zinc ferrocyanide 
ferric hydroxide 
cadmium hydroxide 
manganese oxide^silicic acid 
'apcr Chromatography 
Thin Layer Chromatography 
Column Chromatography 
Organic 
Compounds 
separated 
amino acids 
ammo acids 
ammo acids 
amino acids 
amines 
phenols 
sulfonamides 
phenols 
organic acids 
terpenes 
Technique 
Used 
TLC 
TLC 
PC 
TLC 
PC 
PC 
TLC 
PC 
PC 
TLC 
Ref. 
1 
(237) 
1 
1 
(237) i 
1 
(229) 
(238) 
(239 > 
i240) ; 
(241) 
(242) 
1 
(243) 
(244) 
1 
1 
1 
CHAPTER ''' ' 29 
which Zn^* IS partly replaced by AP' and Al(OH), containing 
Si^ Ti^ - or ZT*\ the general formula Zn, „, Al„ (OH)^ X^ and 
AI, M '*' (OH), X , where M"' is a tetravalent cation and X 
I n n ^ ' 3 n - l 
IS a monovalent anion. Inoue et al. (249) and A K De (250) 
have done important work on hydrous oxides. The hydrous 
manganese oxide with rather unusual selectivity sequence foi 
alkali metals has been described by Tsuji (251) 
Insoluble metal ferrocyanides are used as inorganic ion-
exchangers. They are useful in the separation of radioactive 
wastes and fissionable materials (252) with less damage by 
radiation than their organic counterparts The ion-exchange 
studies of a large number of insoluble ferrocyanides of various 
metals, such as silver, zinc, cadmium, copper, nickel, cobalt, 
lead, titanium, zirconium, tin (11) etc have been studied 
However, no significant contribution has been reported on then 
chromatographic studies It may be due to coloured papeis 
produced on impregnation and a comparatively less chemical 
stability of ferrocyanides. 
Heteropolyacid salts are the parent acid belonging to the 
class of 12-heteropolyacids having the general formula H,XY,,0^„ 
nHjO, where X may be one of the several elements including 
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phosphorous, arsenic and silicon and Y a different element such 
as molybdenum, tungsten and vanadium. Analytical applications 
of heteropoly acids have been reported for the separation of 
sulfonamides (on AMP layers) (253), amino acids (on ATP 
layers and silanized silica gel) (254). 
Solvents play an important role on the adsorption 
behaviour and should be selected on the basis of their nature 
interaction with the compound under consideration and the 
adsorbent. In the selection of solvent it must be borne in mind 
that phenolics and alkaloids include very hydrophobic and very 
lipophilic substances. Further the acidity or basicity of these 
compounds vary substantially. The separation of structural 
isomers is the chief problem encountered during the 
chromatography of phenols. Bekemeir does not recommend the 
use of alkaline systems in which some of the phenols are easiK 
oxidised and may be difficult to detect (255). According to the 
investigation of Samuelson (256) the complex forming organic 
acis e.g., citric acid, formic acid, oxalic acid etc. are sometimes 
adsorbed on a strongly basic anion exchanger and such an 
exchanger can then be treated as cation exchangers and be 
successfully utilised for the selective separations. Despite the 
outstanding theoretical achievements, we have not reached the 
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stage where the properties of ion-exchangers can be predicted 
from chemical considerations only. 
Efforts have been made to:-
1. develop materials which are thermally and chemically 
stable. 
2 develop ion-exchangers specific for metal ions. 
3. study selectivity coefficients in solutions other than 
aqueous ones, 
4. develop crystalline ion-exchange materials and 
5 study of behaviour of different organic compounds towards 
these materials. 
Ion exchangers are poly electrolytes of high molecular 
weight, capable of exchanging their bound ions with ions of the 
same charge that are in the surrounding medium. When ion-
exchangers are used in TLC the presence of an ion-exchanging 
group is the dominating feature, depending on whether the 
framework is an acid or a base. The macromolecule of an ion-
exchanger is in general a three dimensional cross linked 
structure, the matrix. A large number of ionizable groups are 
attached to it, usually referred to as functional group The 
exchangeable ions are called counter ion. The spaces surrounding 
the framework of an ion exchanger are termed pores. 
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Ion-exchange material occur in a definite form, termed for 
example, H* form, Na* form, C\~ form or No~, form Their 
grain size are quoted in nm, or in english speaking areas as 
mesh numbers (standards sieve sizes). Their volume depends on 
the medium, meaning that change of medium is accompanied by 
imbition. Important property of an ion-exchanger is its ion-
exchange capacity, since the number of counter ions which an 
exchanger can take up may be calculated from it. It is usually 
expressed as milliequivalent/gram. 
Chromatography was first invented by M. Tswett (1906) 
and since then the technique has undergone tremendous 
modifications so that nowadays various types of chromatography 
are in use to separate almost any given mixture into its 
constituents and to test the purity of these constituents The 
brief history of chromatography is outlined by the chronological 
listing of some of the key contributors as presented in Table 3. 
Two major classifications of chromatography are Liquid 
Chromatography (LC) and Gas chromatography (GC). In LC, a 
liquid carries the dissolved solutes through the sorbent which 
can be column, paper or thin layer, while an inert gas serves as 
the mobile phase in GC. Within each these major divisions. 
subdivisions based on the stationary phase are designated. Thus, 
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\tar 1 
1 ~— 
• 
1848 
1850-1900 
1 
1 
1876 
1 
1 
1 
\ 1892 
1 
t 
1 
1 ! 1903-1906 
i 
f 
i 
i ' 1930-1932 
1 
i 
' 1935 
1 
1 
[ • 
' 1938 
1 
1 
TABLE - 3 1 
Some of the Key Contributors in 
the Field of Chromatography 
Contributor 
Way and Thompson 
Runge, Schoenbein 
and Geoppelsroeder 
Lemberg 
Reed 
Tswell 
Kawer, Kuhn and Strain 
Holmes and Adams 
Izmailov and Schraiber 
Contribution 
recognised the phenomenon ofj 
exchange in soil. | 
studied capillary analysis on paper | 
i 
illustrated the reversibilitx and 
stoichiometry of ion exchange in 1 
aluminosilicate minerals 
first recorded column separation 1 
tubes of Kaolin used for{ 
separation of FeCl, from CuSOj 
invented chromatograph> \Mth the 
1 
use of pure solvent to de\elop thej 
chromatogram. used mild i 
adsorbents to resolve chloroplast 
pigments. i 
1 
used activated lime, alumina and j 
magnesia adsorbents. 1 
1 
synthesized synthetic organic ion i 
exchange resins. i 
i 
1 
discussed the use of a thm la\er{ 
I 
of unbound alumina spread on a 1 
glass plate. • 
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Year Contributor Contribution 
1939 
1940-1943 
11941 
1947-1950 
1948 
1951 
1952 
1956 
1959 
1964 
Brown 
Tisellius 
Martin and Synge 
Boyd Tomplins, 
Spedding, Ricman 
and others. 
Lederer and Linstead 
Kirchner 
James and Martin 
Sober and Peterson 
Porath and Flodin 
Moore 
first use of circular paper 
chromatography. 
devised frontal analysis and 
method of displacement 
development 
introduced column partition 
chromatorgaphy. 
applied to various anahtical 
problems. 
applied paper chromatography to 
inorganic compounds. 
introduced thin la\er 
chromatograpy (TLC) as it is 
practised today: 
developed gas chromatograph\ 
prepared ion-exchange celluloses 
introduced cross linked dextran for 
molecular sieving 
gel permeation chromatograph> as 
a practical method. 
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Gas Solid Chromatography (GSC) involves a column packed with 
an adsorbent and Gas Liquid chromatography (GLC) with a solid 
coated with stationary liquid as sorbent. Liquid chromatography 
in column can be liquid solid chromatography (LSC) or Liquid -
Liquid (partition) chromatography (LLC). If the solid stationary 
phase is an ion exchange material it is termed as ion exchange 
chromatography (lEC). If it is non-ionic polymeric gel (e.g., 
polystyrene or sephadex) the term gel permeation chromatography 
(GPC), gel Alteration or molecular exclusion chromatography is 
used. Other important subdivisions of non-column liquid 
chromatography are paper chromatography (PC) and thin layer 
chromatography (TLC). The most modern analytical technique is 
High Performance Liquid Chromatography (HPLC). 
The advantages of HPLC first came to attention of a wide 
audience in 1969 when a seminar was organized as part of the 
Fifth International Symposium on Advances in Chromatography 
However, it had its begining in the late 1950s, with the 
introduction of automated amino acid analysis by Spackman. 
Stein and Moore (257). 
The difference between HPLC and TLC is that HPLC 
operates with a closed system wheras TLC functions in an open 
thin layer plate whose surface is exposed to the atmosphere In 
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TLC, the separation is by develoment (the components remain in 
the chromatographic bed) and the detection is static (independent 
of time). HPLC is carried out in a steady state mobile phase 
environment whereas in TLC the driving force is solely capillary 
action, the latter may cause an uneven flow velocity. However. 
TLC has following advantages:-
1. It is more economical as multiple samples may be 
introduced and run simultaneously. With a high 
performance - TLC plate it is often sufficient to carry the 
development in not more than 3-4 minutes in order to 
achieve satisfactory separation. 
2. It offers speed of analysis on a per sample basis. 
3. The choice of mobile phase components are not restricted 
by concerns about deterioration of the coating material 
(since the layers are not reused) or by compatibility' with 
a detector, thus solvents that are highly absorbing in the 
UV region can be used. 
4. Greatest freedom of choice of stationary phase. 
5. Possibilities of sample coupling with micro extraction and 
identification procedures. 
6. Unlike GC and HPLC, the operations that make up TLC 
system are not online. This lends considerable flexibility in 
the scheduling of the separation steps of sample application, 
development and detection. 
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TLC can also be used as a pilot technique for HPLC. The 
simple equation 
relates K', the capacity factor from an HPLC column, and the 
R^  (retention factor) value measured from the TLC plate. 
The history of TLC has been reviewed by Kirchner (258) 
and Heftman (259). Poole and Wilson (260) have considered the 
arguments for reinvestigation of thin layer electrophoresis or 
paper electrochromatography. TLC has become popular as 
separation technique (261) for samples not amenable to GC 
TLC is one of the favourite techniques applied for the analysis 
of biological, pharmaceutical and environmental samples (262). 
Sherma and Fried have maintained the analytical capabilities of 
synthetic inorganic ion-exchangers as adsorbents in TLC (263) 
Some gas chromatographic separations have been performed 
successfully using column packet crystalline inorganic ion-
exchangers such as zirconium phosphate (ZPc) and zirconium 
arsenate (ZAc). The hydrodynamic properties of Si-ZPc are 
being investigated in order to use them in HPLC practice (264). 
Electrophoresis was first used in 1909 to describe the 
movement of colloidal particles in an electric field (265). 
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Kendell (266) fully explored its analytical possibilities and 
separated rare earths and alkaloids. The first full fledged method 
for protein eletrophoresis was developed by Tiselius (267). 
Under the influence of electric field each charged species moves 
at a rate which is a function of its charge, size and shape. 
There are three different types of electrophoretic systems-
1. Moving boundary. 
2. Zone electrophoresis. 
3. Steady state. 
Moving boundary electrophoresis was widely used in 1935-
1950s but was replaced by zone electrophoresis, in which the 
components of the mixture separate completely, forming discrete 
zones. In steady state electrophoresis after proceeding for a 
certain length of time, a steady state is achieved in which the 
widths and positions of the zones of the separated components 
do not change with time. Amino acids have been separated by 
high voltage paper electrophoresis (268). Gray et. al. separated 
dansyl derivatives of amino acids by electrophoresis (269). Paper 
electrophoresis has been applied for the separation of peptides 
(270), antibiotics (271), carbohydrates (272), lipids (273). 
flavanoids (274), quercetin glycosides (275), metal ions (276) 
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and metal ion complexes (277). More recently paper 
electrophoretic techniques have been successfully applied for the 
separation of phenolics (278) amino acids (279) and pesticides 
(280). 
Capillary Electrophoresis (CE) was initially reported by 
Jorgenson and Lukacs in 1981 (281). Capillary column (10-
lOOjim) is filled with buffer solution and a voltage is applied 
across the column. CE in linear polymer solution, derivatized 
cellulose or linear polyacrylamide gel is finding increased 
acceptance for the rapid and efficient separtions of many kind 
of biopolymers. A review by Monnnig and Kennedy (282) 
described the contribution in the development of CE. 
Phenolics are compounds containing an - OH group 
attached directly to an aromatic ring. Phenols are acidic due to 
the formation of stable phenoxide ion. 
Phenolic compounds are of great concern and are 
widespread as natural plant constituents as well as products and 
by products of various industrial processes. They occur as 
components of plant pigments, tannins, growth regulators, scents. 
flavour etc. (283-284). They are present in almost all kinds of 
edible items (285-294) and in body fluids (288, 291, 293, 295) 
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Results from various studies suggest a beneficial effect of dietar> 
phenols in cardio-vascular diseases and in cancer prevention 
through tissue antioxidation (286, 289, 287-298). It is also 
reported that dietary phenols exert not just positive but negative 
effect as well (291, 293) and upper limit of the normal phenol 
concentration in urine is proposed to be SO^ig/ml in human 
screening tests (293, 299). Phenolics are reported to be of 
significance in allergic reactions (300). Phenolics are used in 
pharmaceuticals preparation (301-303) and in cosmetics (304-
305). They can also be found as antidegradants in rubbers, 
plastics and other elastomers (306-307). Because of their 
bactericidal and fungicidal properties they are often used as 
disinfectants (308) and also during leather processing (309). 
Phenolics also occur as pesticide degradation products. 
Thus, while phenolics like gallic acid, tannic acid, vanillic 
acid, geritisic, acid, o-coumaric acid etc. are vitally significant, 
derivatives of nitrophenols and chlorophenols are hazardous as 
they accumulate in fat tissues due to their lipophilic character. 
As nitrophenols and chlorophenols are also poisons, they 
are considered priority pollutants. The US environmental 
protection agency (EPA) has described 11 phenols as priority 
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phenols (310). These are 2,4-dimethyl phenol, 4-chloro-3-methyi 
phenol, 2-chlorophenol, 2,4-dichlorophenol, 2,4,6-trichlorophenol, 
2-nitrophenol, 4-nitrophcnol, 2-dinitrophenol, 4,6-dinitrophenol. 
2-methyl phenol and pentachlorophenol. These phenolics pose a 
serious threat to the environment especially when they enter the 
food chain as waste pollutants even at very low concentration. 
In the W.H.O. guidelines, for drinking water quality maximum 
standard values are fixed, e.g. 0.010 mg/L each for 2. 4, 6-
trichlorophenol and pentachlorophenol (311). According to 
German drinking water regulations phenols must not exceed a 
limiting value of 0.0005 mg/L (312). The european community 
standard for potable water allows maximum concentration for 
total phenols of 0.5 ^ig/L. Phenolics are difficult to monitor 
(313). Actual ecological, analytical and other problems connected 
with the detection of phenolics require the selection of sensitive, 
selective and reliable analytical methods which do not require 
expensive reactants and complicated equipments. Various methods 
like HPLC, GC, CE are employed for determination and 
isolation of phenols. Besides being expensive these methods have 
their own limitations in terms of weak responses as most of the 
phenolics are liable to get oxidised or hydrolysed. Other methods 
that are employed for detection of phenolics include solid phase 
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extraction and colorimetric methods. Futter and Wall reported that 
on site testing for total phenols has mainly been limited to the 
use of colorimetric methods based on 4-aminoantipyrene reaction 
But as the parasubstituted phenols do not react with this reagent 
(313) the method has only limited applications. The authors 
showed the need for a method which would identify the total 
phenols and indicate the species present with quantification. 
Alkaloids are considered to constitute the most complex 
group of natural compounds. Alkaloids occur chiefly in plants of 
the dicotyledonous family and are localised in seeds, leaves, 
bark or root of the plant. They are generally found as salts of 
the plant acids such as oxalic, malic, tartaric or citric acid. 
Alkaloids have pharmacological and medicinal significance 
(314). Some of them are potential antitumour agents (315-318) 
and some are reported to possess antiepileptic (317), antiallergic 
& antiinflammatory (318) and antimalarial properties (319-320) 
Isoquinoline alkaloids are used as sedatives (321) and are also 
reported to affect cardiac functioning (322). Cinchona alkaloids are 
found to be effective for the treatment of alopecia (323). 
A number of alkaloids are reported to be significantly toxic 
(324-341) and notable amongst these are pyrolizidine (324-339). 
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quinolizidine (340-341), diterpenoid and piperidine alkaloids (342). 
Toxic alkaloid content have been reported in lupin alkaloids 
These are associated with induced toxicosis and at times large 
losses of livestock (343-344). Reportedly, sheep and goat showed 
symptoms of intoxication at dosage level of 7.8g/kg (342). 
Australian regulation limit of total alkaloid content is 0.02% 
(339). In veiw of their possible incorporation, evaluation of 
various edible items for potential toxicants is suggested (345-
346). 
Silica gel is the most popular adsorbent, although this 
material is weakly acidic which causes tailing of alkaloids 
Attempts have been made to eliminate this by use of alkaline or 
buffered silica gel layers or alternatively aqueous ammonium or 
diethylamine have been utilised as the mobile phase. However, 
these reagents make detection with dragendroff's reagent difficult 
because they cause decomposition of the reagent (347). 
A major problem in the HPLC analysis of alkaloids is the 
poor peak shape and consequently low resolution due to the 
interactions of the basic alkaloids with the residual acidic silanol 
and siloxane groups of most reversed phase materials. These 
shortcomings related to the determination of alkaloids emphasize 
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the need for employing specific adsorbents and packing material 
(348). 
The present work was undertaken in order to explore the 
separation possibilities of important classes of organic compounds 
namely phenolics and alkaloids using thin layers of inorganic 
ion-exchangers and paper electrophoretic techniques in diverse 
aqueous and mixed solvent systems. These studies have been 
utilized for the isolation and determination of phenolics and 
alkaloids in synthetic and natural samples. 
The following cahpters summarise the results of such 
findings. 
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INTRODUCTION 
Phenolics are frequently the constituents of plant products. 
They act as substrates for phenolase enzymes and are also used 
in various pharmaceutical preparations. Results from various 
studies have indicated a beneficiary effect of dietary phenols. 
Apple phenols are reported to have an allergy inhibiting and 
breath refreshing action (1, 2). Tannic acid finds significant use 
in protein adsorption, enzyme immobilisation (3) and as a 
mordant for binding basic dyes (4). 
Thin layers of inorganic ion-exchange materials have been 
widely employed for metal ion separations (5-12). Little attention 
has been paid to utilizing these materials for the separation of 
organic compounds. Nabi et. al., have successfully utilized pure 
cation-exchange, stannic tungstate layers to separate amino acids 
(13). A few studies have been reported on inorganic ion-
exchange layers mixed with silica gel (14). It has been found 
that the presence of ion-exchange material with the adsorbent 
usually enhances the separation potentialities of the layer. This 
is because the rate of distribution of solute depends not only on 
simple adsorption but also on simultaneous ion-exchange. 
The present chapter summarises the sorption behaviour of 
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phenolics on stannic arsenate-silica gel layers in simple and 
mixed solvent systems of varying polarity. 
EXPERIMENTAL 
Apparatus 
A TLC applicator (Desaga FRG) was used to prepare 
thin layers on 18x20 cms glass plates. Large mouth TLC jars 
were used for development. A Bausch and Lomb spectronics 
1001 spectro-photometer was used for spectrophotometric studies. 
Microsyringes served the spotting purpose. 
Reagents and Chemicals 
Stannic chloride pentahydrate (Loba Chemie, India), sodium 
arsenate (Loba Chemie, India), silica gel (E. Merck India.) All 
other reagents were of A.R. grade. 
Preparation of visualising reagents 
For visualisation of phenolic compounds, following 
detectors were used. 
(a) 1ml of saturated AgNOj was added with stirring to 
20 ml of acetone and the product was treated dropwise 
with water until the precipitate of AgNO, just dissolved. 
Spots of phenolic compounds became intense at about 
105°C. 
(b). Some phenols give blue to greenish spots with equimolar 
solution of 1-5% FeCyK, Fe(CN), in dil.HCl. 
CHAPTER 
68 
(c). Picric acid, bromothymol blue, thymol blue, alizarin, 
1,2,5,8-tetrahydroxyanthraquinone, flourescein and 
ammoniumaurintricarboxylate acted as self detectors. 
Preparation of Ion-exchange material and thin layer plates 
Stannic arsenate was prepared by mixing 0.5 M sodium 
arsenate, with 0.5M stannic chloride, in 1:1 ratio, at pH 1.0 
obtained by adding hydrochloric acid. The resulting precipitate 
was digested at room temperature for 24h. Precipitate was 
filtered under suction and completely dried in an oven at 
40±4°C Material so obtained was cracked in demineralised water 
and then placed in l.OM HNO3 for 24h., to convert to the H 
form. It was washed with demineralised water to remove excess 
acid and finally dried at 40°C. 
For preparing TLC plates, the granules of stannic arsenate 
was well powdered in a mortar and mixed with silica gel in 1:4 
ratio. Slurry of this mixed product was prepared by adding 
20ml of water per 5gm of material and spread over glass plate. 
with the help of an applicator, to obtain a uniform thin layer of 
0.2mm thickness. The plates were then dried in an oven at 
60°C. 
Development 
Approximately 0.05ml test solution of phenolic compounds 
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were applied with the help of microsyringe. The plates were 
developed in various solvent systems. Solvents were allowed to 
ascend upto 15.0 cms, from the point of application in all 
solvent systems. R^ and R^ values were measured after detection. 
Development time varied from 30 to 45 minutes depending on 
solvent systems. 
Quantitative seperations 
0.05ml mixture of phenolic compounds containing 50^g 
each were spotted with the help of a microsyringe. The plates 
were then developed in the usual manner. Pilot chromatograms 
were run under similar conditions to ascertain the actual position 
of spots on experimental plates. After development, the spots 
on the plates were detected. The same portion of experimental 
plates were then scraped into a small funnel with a narrow 
outlet closed with glass wool. Phenolic compounds present in 
these portions were eluted with 2.0ml of absolute alcohol. 
For spectrophotometric determination of tannic acid & 
vanillic acid, phosphomolybdatephosphotungstate reagent was used 
(15-16). Picric acid was spectrophotometrically determined as 
ammonium picrate (17). Ferric chloride, dimethylaminobenz-
aldehyde and titanium sulfate were used for spectrophotometric 
determination of salicylic acid, menthol and nitrophenols 
respectively (18-20). 
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Quantitative estimation of tannic acid and other phenolic compounds in 
apple 
100 grams each of ripe and unripe apple ('Delicious' 
variety from Kashmir, India) was blended with equal amount of 
anhydrous sodium sulphate and 100 ml of 95% ethanoi for 
three minutes. Sodium sulphate prevented emulsion formation 
during blending. The mixture was filtered over anhydrous sodium 
sulphate. The residue left was again extracted with 20ml ethanoi 
and filtered under suction. The combined filtrate was reduced to 
about 5ml under vacuum at 40-45°C. Four fractions comprising 
0.5, 1.0, 1.5 and 2.0ml of the concentrated juice were made and 
further concentrated as before to approximately 0.05ml. Spots 
were then applied and plates were developed in the usual 
manner. Tannic acid, gallic acid, vanillic acid and 
parahydroxybenzoic acid were then eluted and determined 
spectrophotometrically. Haslam and Wilson method (21) was also 
employed to isolate and determine tannic acid in apple. 
RESULTS AND DISCUSSION 
It is apparent from Table 2.1 that almost an equivalent 
amount of tannic acid is isolated both by Haslam & Wilson and 
the proposed TLC methods. The latter method eliminates the 
tedious process of a number of repeated concentration, dilution 
and filtration steps, which are employed in Haslam and Wilson 
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method. Consecutive heating may also denature phenolic and other 
compounds those are known to influence the taste of fruits. 
Moreover, in the proposed method tannic acid, gallic acid, 
vanillic acid and parahydroxybenzoic acid are simultaneously 
separated using methanol - 0. IM hydrochloric acid systems. The 
retention of these phenolics on stannic arsenate-silica gel in 
methanol, O.IM hydrochloric acid and l.OM formic acid systems 
is shown in figure 2.1. The Rp values increased in the order 
tannic acid < gallic acid < vanillic acid < parahydroxybenzoic 
acid. Tannic acid showed exceptionally high retention in 
methanol - O.IM hydrochloric acid (1:1 v/v). The Rp values of 
gallic acid were between 0.34 to 0.39 in l.OM formic acid. 
Vanillic acid and parahydroxybenzoic acid show a comparatively 
lesser affinity to stannic-arsenate silica gel in the aforesaid 
systems. 
Tables 2.2-2.4 show that stannic arsenate-silica gel layers 
can be successfully used for a number of important binary aivd 
ternary separations of phenolic compounds. Simple solvent 
systems and mixed ones with gradual increase in more polar 
solvents are studied. Spots in most of the solvent systems are 
compact and well defined. 
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Fig. 2.1. Dependence on the retention of tannic acid, 
gallic acid, vnillic acid and p-hydroxy 
benzoic acid on stannicarsenate-silica gel 
layers in methanol, hydrochloric acid and 
formic acid systems. 
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Catechol, resorcinol and quinol move to almost an 
equivalent distance in O.IM hydrochloric acid and IM fomic 
acid systems. While catechol displayed an increased movement 
upon increasing the acid content of the solvent systems, reverse 
was the trend displayed by quinol. There was no change in the 
behaviour of resorcinol, which is probably due to the presence 
of hydroxy group at meta position and thus its affinity to cation 
exchanger stannic arsenate is not altered upon changing the 
polarity of the medium. Catechol, however, showed a decrease in 
Rp value with decrease in polarity of solvent systems. This may 
be attributed to the presence of intramolecular hydrogen bonding, 
which seemingly facilitates its exchange, as a cationic species. 
On the other hand, it showed a high Rp value in the acidic 
medium where probably ionic interactions overcome hydrogen 
bonding. Fig 2.2 depicts the trend displayed by dihydroxy phenols 
in methanol, methanol + O.IM hydrochloric acid (l:2v/v), O.IM 
hydrochloric acid, methanol + lMj/^(iT^^iaeit4j^y v/v) and IM 
formic acid systems. (i^f ^ ^ ^ ^ ^ i 
( Ace. No ) 
'A Vt^^^^^.^A^ 
Behaviour of picric acid, 3-r^o^lvefip.l aAd* ^-^itropheno! in 
methanol, O.IM hydrochloric acid, methanol+lM formic acid (1:2 
v/v) and IM fomic acid, solvent systems is shown in Fig. 2.3 No 
differential behaviour of these nitrophenols has been observed in 
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(a)-Cotechol 
(b) = Resorcinol 
(c }-Quinol 
OH OH 
OH 
(O) (b ) (c) 
Fig. 2.2. Effect of presence of hydroxy groups at o, 
m and p-positions in methanol, 
hydrochloric acid and formic acid systems. 
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0.8 
0.7 
0 6 
0.5 h 
0.A 
0.3 
0.2 
0.1 
0 
(a)sPicric acid 
.(b)s3-Nitrophenol 
(c)«4-Nitrophenol 
OH 
0 2 N r ^ N 0 2 
N02 
• 
( Q ) ( b ) (c) 
Fig. 2.3. Effect of orientation of electron 
withdrawing substituents in nitrophenols. 
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methanol, as they have probably very little interaction with the 
stationary phase and hence exhibit high R^  values. Formation of 
cationic species is facilitated, as we increase the polarity of 
solvent systems. IM formic acid appears to be the best for the 
ternary separation of these nitrophenols. Both 3-nitrophenol and 4-
nitrophenol remain almost at the point of application in O.IM 
hydrochloric acid. 
Separation of m-cresol from o-cresol was also achieved as 
latter registered no movement in O.IM hydrochloric acid, a-
napthol, P-napthol, 4-nitophenol and sulfosalicylic acid remain 
almost at the point of application in IM formic acid while in 
methanol, they show high Rp Values. Movement of vanillic acid, 
salicylic acid, parahydroxybenzoic acid and 4-aminophenol remain 
almost unaffected as we increase formic acid content in 
methanol. 
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INTRODUCTION 
Environmental and health protection require strict control on 
the concentration of various toxicants. An analyst is often required 
to trace constituents that may be highly diluted. The use of an 
ion-exchange material with suitable sorption properties and high 
selectivity often facilitates their concentration and separation. The 
selectivity of ion-exchange process depends upon the ion-exchange 
material as well as on the medium of the exchange. Inorganic ion-
exchange materials have been widely utilised for the separation of 
heavy metals, anions and cations, but their use for the separation 
of organic compounds is still in its infancy. 
Low molecular weight phenolics can often cause problems 
as pollutants with a considerable toxicity because of their 
frequent utilization and appearance. The phenolic constituents of 
pesticides viz, nitrophenols, halophenols, cresols, aminophenols 
etc. are toxic in nature. Some of these are also poisons and are 
considered as priority pollutants which should be monitored (1-7) 
The use of various pesticides has resulted in an increased 
agricultural production. However, pesticides and their by products 
get distributed throughout the environment and are a cause of 
concern. For instance, phenolic by products of pesticides can 
easily get into the body system after bioamplification as these are 
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ionisible and are lipid soluble (8). p-Nitrophenol, a constituent of 
parathion causes inhibition of acetylcholine stearase and may 
cause paralysis (2). Banana plantations are sprayed with parathion 
to put a check on aphids to control bunchy top of banana disease. 
Hence, the possibility of occurence of phenolic pesticidal residues 
can't be ruled out. We analysed locally purchased banana samples 
of which five gave positive results. Plant tissue samples from 
fields where parathion was sprayed were also analysed for the 
presence of these phenolics. 
EXPERIMENTAL 
Apparatus: 
Stannic arsenate-silica gel layers were prepared and large 
mouth (Toshniwal, India) glass chambers were used for 
development. A Bausch and Lomb spectronics 1001 spectro-
photometer was used for spectrophotometric studies 
Microsyringes served the spotting purpose. 
Reagents and Chemicals: 
Stannic chloride pentahydrate (Loba Chemie, India), sodium 
arsenate (Loba Chemie, India) silica gel (E. Merck India). All 
other reagents were of A.R. grade. 
Test solution and visualising reagents: 
O.IM solutons of phenols were prepared in ethanol. For 
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visualisation of phenolic compounds, the detectors described in 
chapter 2 were used. 
Preparation of ion-exchange material and thin layer plates: 
Stannic arsenate in H' form was prepared according to the 
procedure described in earlier chapter. 
For preparing TLC plates, the granules of stannic-arsenate 
was well powdered in a mortar and mixed with silica gel in 1:4 
ratio. Slurry of this mixed product was prepared by adding 20ml 
of water per 5gm of material and spread over glass plate, with 
the help of applicator, to obtain a uniform thin layer of 0.2mm 
thickness. The plates were then dried in an oven at 60°C. 
Development 
Approximately O.OSral test solution of phenolic compounds 
were applied with the help of microsyringe. The plates were 
developed in various solvent systems. Solvents were allowed to 
ascend upto 15.0 cms, from the point of application in all 
solvent systems. R.j. and R^^ values were measured after detection 
Development time varied from 30 to 45 minutes depending on 
solvent systems. 
Quantitative separations 
0.05ml mixture of phenolic compounds containig 50^g each 
were spotted with the help of a microsyringe. The plates were 
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then developed in the usual manner. Pilot chromatograms were run 
under similar conditions to ascertain the actual position of spots 
on experimental plates. After development the spots on the plates 
were detected. The same portion of experimental plates were then 
scraped into a small funnel with a narrow outlet closed with glass 
wool. Phenolic compounds present in these portions were eluted 
with 2.0 ml of absolute alcohol and then determined 
spectrophotometrically. Picric acid was determined as ammonium 
picrate (10). Rest of the phenolics reported in Table 3.1 were 
spectrophotometrically determined using titanium sulphate (11) 
Quantitative Estimation of Nitrophenols in Banana Fruit and Plant Tissue 
Samples 
100 grams of finely chopped plant tissue was blended with 10ml 
of 10% sulphuric acid in ethanol, 25ml ethanol, 50ml petroleum ether 
and 50ml ethyl ether. It was centrifuged and the ether was decanted 
though glass wool into a 500 ml separatory funnel. After vigorous 
shaking ether layer was separated and filtered over anhydrous sodium 
sulphate. These steps were repeated twice. Filterate was reduced to 
about 0.05ml under vacuum at 40-45°C. The concentrated solution was 
then applied and plates were developed in the usual manner. For banana 
fruit samples, 2 gram potassium oxalate was also added before blending 
m-Nitrophenol, p-nitrophenol and p-aminophenol were then eluted and 
determined spectrophotometrically. 
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RESULTS AND DISCUSSIONS 
The anlaysis of banana fruit and plant tissue samples 
represented in Table 3.2 reveal the possibility of positive 
screening for p-nitrophenol, m-nitrophenol and p-aminophenol. 
p-Nitrophenol was detected in some of the fruit samples and all 
the plant tissue samples studied. m-Nitrophenol was detected in all 
plant tisue samples except BP 67 and BP 70. Similarly 
p-aminophenol was detected in all plant tissue samples from BP 
65 to BP 70. A much higher amount of p-nitrophenol was found 
to be present in fruit samples as compared to the plant tissue 
samples, though m-nitrophenol and p-aminophenol were detected in 
plant tissue samples only. 
Tables 3.3-3.4 show that appreciable difference in R,. values 
of phenolic compounds on starmic arsenate-silica gel layers offer 
promising possibilities for a number of important and difficult 
binary and ternary separations. Simple solvent systems and 
mixed ones with gradual increase in more polar solvents are 
studied. 
Mutual separation of picric acid, m-nitrophenol, 
p-nitrophenol and p-aminophenol is best achieved in ethanoi -^  
l.OM citric acid (l:3v/v). Picric acid does not exhibit any affinity 
to the exchanger and moves with the solvent in all the systems 
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studied. This is probably because there is no possibility of 
substitution in picric acid because of presence of three nitro 
groups. No differential behaviour of m-nitrophenol, p-nitrophenol 
and picric acid is observed in methanol as well as in ethanol. as 
they have probably very little interaction with the stationary phase 
and hence exhibit high R^  values. p-Nitrophenol shows a much 
increased affinity to the cation exchanger stannic arsenate in l.OM 
citric acid system. Formation of cationic species is facilitated 
with increase in polarity of solvent systems. m-Nitrophenol and 
p-nitrophenol remain almost at the point of application in O.IM 
phosphoric acid and O.IM hydrochloric acid. Dithranol. 
nonylphenol, 2-chloro-3-pyridinol remain almost at the point of 
application in l.OM citric acid while in ethanol they show high R, 
values. Movement of chiysene, chromotropic acid and p-aminophenol 
remain almost unaffected as we increase citric acid content in 
ethanol. 
Chromatographic separation of dihydroxy phenols probably 
owe to the variations in strength of hydrogen bonding under a 
particular solvent system. It seems that the behaviour of phenols 
depend not only on the nature, number and relative position of 
substituents, but also on variable affinity of layer under a 
particular mobile phase. 
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INTRODUCTION 
Phenolics are associated with various metabolic activities 
and are well known for their physiological significance. Some of 
them are vitally important (1), some are harmful beyond a 
certain level (2), and a few others are toxic in nature (3) 
Almost all foods contain appreciable amount of a variety of 
phenolics (1). Their presence is studied in plasma and urine 
after ingestion of different beverages (4 & 5). It is well 
established that electrophoresis provides the best resolution for 
components of biological interests (6). Phenolics have also been 
separated by LC (4), GC (7) etc. But these expensisve and time 
consuming methods have their own limitations in terms of 
applicabilities to naturally occurring complex samples. For 
instance LC finds applicability with well characterised samples 
only. GC requires sample pretreatment and limit of detection for 
phenolics using GC methods is reported to be 0.58 ng/L (8). 
The choice of citrate and acetate buffers as background 
electrolyte was prompted by the fact that acidic buffer usually 
ensure protonation of phenolic species (9). The antioxidant effect 
or electrophile trapping mechanism of phenolics is hypothesized 
to modulate metabolic pathways and thereby these compounds 
act as inhibitors of diseases. It is reported that lower incidences 
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of coronary diseases and cancer in populations with high red wine 
intake is due to the phenolic components of red wine. We have 
attempted to determine the blood phenolic level in twenty two 
different samples procured from a local pathological lab. These 
determinations are then correlated with general health and habit of 
the persons concerned. 
EXPERIMENTAL 
Apparatus 
Electrophoresis chamber SW7, manufactured by Shandon 
Scientific Co. Ltd., London was used. The unit was powered by 
power supply model MO-65 IS 1248.68. The power supply was 
a 300V, 100mA unit. Electrophoresis was carried out using the 
enclosed strip method. Microsyringes served the spotting purpose 
Bausch & Lomb spectronics 1001 spectrophotometer was used 
for spectrophotometric studies. El 11 IE pH meter, manufactured 
by Electronics India was used for determination of pH values of 
solvent systems. 
Reagents and Chemicals 
Acetic acid, sodium acetate, citric acid and sodium citrate 
were obtained from Glaxo Laboratories (India) Ltd. All other 
chemicals and reagents were of AR grade. 
Preparation of Test Solution 
O.IM solution of phenolics were preapred. 
95 
Preparation of Background Electrolyte Solutions 
Acetate solutions of pH 2.80, 3.62, 4.01, 4.10, 4.14, 4.35. 
4.64, 5.25 & 7.20 and citrate solutions of pH 1.92, 3.67, 4.03. 
0 
4.41, 4.94, 5.54, 5.81, 6.07 & 9.57 were used. 
Preparation of Visualising reagents 
For visualisation of phenolic compounds the detectors 
described in chapter 2 were used. 
Qualitative Separations 
Phenolics were spotted on whatman no. 1 paper strips 
(30x5cms) with the help of microsyringes. Electrophoresis 
chamber was filled with the desired background electrolyte. The 
strips were placed in the chamber, moistened and electrophorised 
for two hours at the desired potential and current. Visualizing 
reagents were then sprayed to locate the position of phenolics 
The results are reported in tables 4.1 & 4.2. 
Quantitative Separations 
Approximately 0.05 ml mixture of phenolics containing 50 
^g each, were spotted with the help of microsyringe. The strips 
were electrophorised in the usual manner. A pilot 
electrophoretogram was run under same experimental conditions to 
detect the location of the spots on the experimental strips. The 
actual position of the spots on experimental strips, was 
ascertained by comparison with pilot electrophoretogram. The same 
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TABLE 4.1 
Qualitative Separations of Phenolics Actually 
Achieved in Acetate Solutions of Varying pH Values 
Background Electrolyte Separation Achieved (R, - R J 
A 2% acetic acid (pH 2.80) 
B. 2% acetic acid + 
0.1M sodium acetate 
(4.1 v/v)(pH3.62) 
C 2% acetic acid + 
O.IM sodium acetate 
(3:1 v/v)(pH4.01) 
D 2% acetic acid + 
I 0, IM sodium acetate 
(1:1 v/v)(pH4.14) 
E 2% acetic acid + 
0 IM sodium acetate 
(1:3 v/v)(pH 4.46) 
F. 2% acetic acid + 
0. IM sodium acetate 
(l:4v/v)(pH5.25) 
G O.IM sodium acetate 
(i) picric acid (6.2-7.9) from 3-nitrophenol 
(2 9-4.5) and 4-nitrophenol (9.5-10 9) 
(ii) pyrogallol (2.3-4.2) form catechin (0-0) 
and coumaric acid (11 9-13 5) 
(i) a-napthol - (6.0-8.0) from P-napthol 
-(10.5-13.0) 
(i) aminophenol (0-0) from quinol (1 3-26) 
and resorcinol - (0.7-2.3) 
(i) picric acid - (0.5-3.5) from m-cresol 
(6.8 - 8.3) and a-napthol (1.9-2 4) 
(ii) a-napthol (1.9-2.4) from P-napthol 
(9.2-10.2) and catechin (0-0) 
(i) phenol (0.9-2.5) from o-chlorophenol 
- (2.3-3.9) and cycloheptanol - (7 5-9 2) 
(i) parahydroxybenzoic acid-(9.0-10.6) from 
salicylic acid (1.1-2.7) and sulfosalicylic 
acid - (8.3-9.9) 
(i) o-cresol-(9.1-0.6) from m-cresol (pH 7 20) \ 
(6.5-8.3) and phenol (2.0-4.3) 
(ii) a-napthol (7.5-9 0) from P-napthol 
(9.0-10.4) 
^ 
R^ - Initial Limit 
R,^  - Final Limit 
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TABLE - 4.2 | 
1 i 
Qualitative Separations ofPhenolics A ctually Achieved in \' 
Citrate Solutions 
Background Electrolyte 
A O.IM citric acid (pH 1.90) 
1 
B O.IM citric acid + 
1 O.IM sodium citrate 
1 (4:1 v/v)(pH 3.67) 
! C O.IM citric acid + 
O.IM sodium citrate 
(1.1 v/v)(pH4.94) 
i 
I D O.IM citric acid + 
O.IM sodium citrate 
( l :2v/v)(pH5.54) 
E. 0. IM sodium citrate 
(pH9.57) 
1 
1 
1 
1 
1 
1 R^  - Initial Limit 
1 R^  - Final Limit 
of Varying pH Values ^ 
Separation Achieved (R^ - R J 
0) 
00 
(iii) 
(i) 
(ii) 
(i) 
(ii) 
(i) 
0) 
(ii) 
(iii) 
i 
3-nitrophenol (10.3-11.3) from o-cresol 
(5.1-6.8) and picric acid (2.0-3 5) 
quinol (2.7-3.9) from resorcinol -
(1.7-2.8) and pyrogallol - (8 9 - 10 5) i 
coumaric acid (5.5-7.0) from tyrosine 1 
- (4.2-5.6) and aminophenol (0 7-19) j 
phenol (10.1-11.9) from o-chlorophenol ! 
(1.9-3.1) and o-cresol (4.1-5 8) 
3,4-dihydroxycinammic acid (7 9-9 9) | 
from aminophenol (0.5-1.9) and | 
phenolpthalien (5.0-6.5) 
3-nitrophenol (10.7-11.7) from 
4-nitrophenol (2.2-3.6) and aminophenol 
-(0.9-2.5) ^ 
a-napthol (6.7-9.0) from p-napthol | 
(8.5-10 1) 1 
phenol (10.1-11.9) from cycloheptanol i 
- (1.9-3.6) and pyrogallol (0-0) 
' 
pyrogallol (6.5-9.1) from resorcinol 
- (1.7-3.0) and quinol - (6.6-8.1) 
o-cresol - (7.0-8.3) from m-cresol 
(1.8-3.4) and a-napthol (9.5-10 9) 
picric acid (1.5-3.5) from aminophenol ; 
- (0.7-1.9) and coumaric acid (5 4-7 2) ' 
1 
i 
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portion of the experimental strip was then cut out and phenolics 
present in this portion was eluted in absolute alcohol. 
concentrated in vacuum protected by nitrogen and then 
determined spectrophotometrically. Quinol was 
spectrophotometrically determined using 95% ethanol (10). Picric 
acid was determined as ammonium picrate (11). Rest of the 
phenolics were spectrophotometrically determined using titanium 
sulphate (12). The results are reported in table 4.3. 
Quantitative Estimation of Phenolics in Blood Samples 
10ml oxalated blood was mixed with 30 grams anhydrous 
sodium sulphate and 20 ml of 95% ethanol. It was centrifuged 
after 2 h and supernatant liquid was decanted. Absolute alcohol 
and sodium sulphate help eliminate water content, which is an 
essential step to ensure proper estimation. Besides, sodium 
sulphate also prevents emulsification which may occur due to the 
presence of hexose sugars. Finally the mixture is shaken with 
diethyl ether for 30 min. Ether layer is separated and the mixture 
is reduced to about 0.05 ml under vacuum at 40-45°C The 
concentrated solution was then applied and electrophoretograms 
were developed. Citrate buffer of pH 3.67 was found to be the 
best for determination of resorcinol, quinol, coumaric acid. 3.4 
Dihydroxy cinnamic acid & catechin. Similarly 4-aminophenol and 
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gallic acid were best determined and separated in acetate buffer 
of pH 3.62. Individually separated fractions of these compounds 
are then determined spectrophotometrically as described earlier 
RESULTS AND DISCUSSION 
A comparison of phenolics determination in blood serum 
from twenty two different persons is represented in table 4 4 Of 
the various systems studied, citrate buffer of pH 3.67 and acetate 
buffer of pH 3.62 proved to be excellent for sharply defined 
mutual separations and determinations of resorcinol, quinol. 
catechin, coumaric acid & 3,4-Dihydroxy cinnamic acid and 
4-aminophenol & gallic acid respectively. It is observed that gallic 
acid content is generally low in cases of ailment of any kind 3.4 
Dihydroxy cinnamic acid and/or 4-aminophenol content is higher 
in samples B6, B7, B8, 812, B16, B17 and 818 which represent 
high blood pressure and/or alcoholic cases. The same phenolics 
are present in a lower amount in 84 and 810. As compared to 
other samples, a lower level of almost all kinds of phenolics 
except 4-aminophenol is determined in samples 89 and 817 from 
cardiac patients. One striking observation was a higher resorcinol 
level in 82, 83, 811 samples from persons suffering from worm 
infestations (pinworm, threadworm, hookworm etc.). These 
determinations suggest that besides other factors, a balance in 
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blood phenolic level is important from the point of view of good 
health. Probably gallic acid content varies in a healthy person and 
a patient. 
Paper electrophoretic studies of phenolics in acetate and 
citrate electrolytic systems have revealed many multinary and 
ternary separations. Fig. 4.1 and 4.2 show that the distance 
traversed by some of these phenolics (viz. o-cresol, quinol, 
catechol, vanillin, o-chlorophenol, 4-aminophenol) decreases with 
the increase in the molecular weight. It was interesting to note 
that catechin remained at the point of application in all the 
solvent systems studied. Resorcinol behaved as a negative species 
irrespective of the background electrolyte or its pH. Probably 
hydroxy group at the unusual meta position makes it to behave as 
an anion. Catechol and quinol (containing hydroxy group at ortho 
and para positions) & 4-aminophenol and o-chlorophenol behaved 
as a positive species uptil pH 4.14, beyond which these phenolics 
tended to move towards anode. Probably the polarizabilit>' effect 
in these phenolics depend not only on the orientation of the 
substituents but also on the pH of the medium. Pyrogallol 
(trihydroxy) also behaved in a similar fashion in acetate systems 
In citrate electrolytic systems, salicylic acid, sulfosalicylic 
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Si = 2-/.ACETIC ACID 
S2=2-/, ACETIC ACID+0.1 M 
SODIUM ACETATE (4 : IV /V) 
S 4 = - 0 0 - ( 2 : l V / V ) , 
S 5 = - 0 0 - ( 1 : IV/V ) .S8 = (1:4V/V), 
S6=-00 (1:2 V/V) . 8 9 = 0 IM 
SODIUM ACETATE 
Si 
120 130 UO 150 160 
Holeculor Weight 
272 
Fig. 4.1. Dependence on molecular weight of 
electrophoretic movement of some 
phenolic derivatives^ in acetate solutions of 
different pH. 
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SlO=0.1MClTRrC ACID, 
Sl2=0.1M CITRIC ACI0+01M 
SODIUM CITRATE ( 3 ; l V / V ) 
S i 3 = - D O - ( 2 : i V/V), 
S u r - 0 0 - ( i : i v/V)# 
S l 7 = - D O - ( l ; 4 V/V), 
SlB= O.IM SODIUM CITRATE 
110 120 130 UO 150 
Molecular Weight 
160 
Fig. 4.2. Dependence on molecular weight of 
electrophoretic movement of some 
phenolic derivatives in citrate solutions of 
different pH. 
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acid, parahydroxybenzoic acid and tannic acid behave as a negative 
species, with the exception of gallic acid, which moved towards 
cathode. This is probably because of the presence of carboxyl 
group at either the ortho or para position in the former, while in 
gallic acid, carboxyl group is at meta position to the immediate 
hydroxy groups. In acetate buffer systems, sulfosalicylic acid and 
parahydroxy benzoic acid displayed a similar behaviour, while 
salycylic acid moved in the reverse direction. Gallic acid behaved 
as a positive species from acetate buffer of pH 4.14 onwards 
Tannic acid remained almost at the point of application in acetate 
and citrate systems. 
Picric acid, 3-nitrophenol and 4-nitrophenol behaved as a 
negative species in acetate buffer of pH 4.14 to7.20 and as 
positive in acetate buffer of pH less than 4.14. This may be 
attributed to the presence of temporary negative inductive effect 
of nitro group, which it seems is not active in low pH acetate 
systems, because this short lived negative inductive effect has a 
tendency to enhance the acid strength. The mutual qualitative 
separation of these three closely related nitrophenols was 
achieved in acetate buffer of pH 5.25. 
a-Napthol and P-napthol behaved similarly and remained 
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almost at the point of application in citrate systems, until the 
citric acid and sodium citrate composition is 1:1. On increasing 
the sodium citrate content movement occurs towards cathode which 
increases with the increase in sodium citrate content in the 
system. 
Remarkable feature of this study is the isolation and 
determination of a variety of phenolics by a single experiment 
using simple and inexpensive solvent systems. The technique is 
valuable in clinical diagnosis and pathological conditions of blood 
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C(iaptcr~5 
omato^rapkif of ^Ihaioldd on 
stannic ^unadtate cJLauer6 ana 
L^otumnd: S^creenlna of Sparteine 
In L^attle ^eea ana fl/llln 
INTRODUCTION 
Alkaloids from plant families boraginaceae, asteraceae. 
leguminosae are found to be hepatotoxic (1-3). Because of their 
widespread occurrence and substantial biological activity 
quinolizidine alkaloids (viz., sparteine, lupinine, anagyrine, cytisine) 
comprise one of the important classes of contaminants in the 
environment. The infesting of cattle and poultry feed by weeds at 
levels sufficiently high to cause overt toxicity is a matter of 
concern. The presence of plant toxicants in milk (4-5) and of 
ammodendrine and anagyrine in the blood of cattle, sheep and 
goat is reported (6-7). Quinolizidine alkaloids are associated with 
induced toxicosis and at times large losses of livestock (8). 
The various toxic responses of sparteine include depression 
of heart's action and a consequent circulatory depression (9) and 
paralysis of motor nerve terminations and sympathetic ganglia 
(10). Lethal dose range of sparteine sulfate in guinea pigs is 
placed at 63-74mg/kg (11). 
In view of the possible incorporation of diverse alkaloids, 
evaluation of various edible items for potential toxicants is 
recommended. Australian regulation limit of total alkaloid content 
is 0.02% (12). 
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The application of planar and column chromatographic 
techniques to monitor natural and man made pollutants and 
toxicants has become more widespread owing to advantages like 
rapid sample analysis, low cost, versatility etc. (13-15). For 
chromatographic procedures different supports like silica gel. 
alumina, volcanic tuff, zeolites and other silica based materials 
are employed to prepare the stationary phase. Although silica gel 
is the most popular adsorbent for alkaloids, it is reported that it 
causes tailing (16) and interference in the resolution of these 
compounds (17). 
The requirements of tracing a toxicant even when its 
presence is in a highly diluted form, necessitates employing 
materials with suitable sorption properties, mechanical and 
chemical stability. We performed chromatography of pesticidal 
phenolic by products on stannic arsenate - silica gel layers (18). 
In continuation to our efforts we have used pure stannic tungstate 
layers and columns to check its selectivity towards alkaloids. The 
separation and determination of different alkaloids in synthetic 
mixtures and of sparteine in cattle feed and milk samples has 
been achieved. 
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EXPERIMENTAL 
Reagents and Chemicals 
All chemicals were of AR grade. 
Test solutions 
2% solution of all the alkaloids were prepared in ethanol 
2% nicotine was prepared in demineralised water. 
Detecting reagent 
Dragendroff's reagent was used for the detection of 
alkaloids, which give a red orange spot with this reagent. 
Solvent systems 
5% & 10% formic acid, 0.5m formic acid - 0.5M 
dimethylsulfoxide (l:lv/v), formic acid - acetone - water, 2% 
acetic acid - 0.2M sodium acetate (l:lv/v), acetic acid-n butanol-
water (l:2:2v/v), acetic acid-ethylacetate water (0.9:2:2:0.9v/v). 
ethylacetate - water - pyridine (2:2:9v/v), n-butanol-hydrochloric 
acid (100:lv/v), n-butanol - nitric acid (100:lv/v), chloroform-
acetone (9:lv/v), methanol-chloroform (9:lv/v) and different 
amount of O.IM nitric acid mixed with dimethyl formamide, 
dimethylsulfoxide and 1, 4 dioxane were used as solvents. 
Preparation of inorganic ion exchange material 
Stannic tungstate was prepared by mixing 0.5M sodium 
tungstate with 0.5M stannic chloride, in 1:1 ratio and adjusting 
the pH at 1.0, by the addition of hydrochloric acid. The resulting 
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precipitate was digested at room temperature for 24 h. Precipitate 
was filtered under suction and completely dried in an oven at 
40±4°C. Material thus obtained was cracked in demineralised 
water and then placed in l.OM HNO, for 24 h to convert it to 
the H' form. It was washed with demineralised water to remove 
excess acid and finally dried at 60°C. 
Chromatographic procedure 
A slurry of powdered granules of stannic tungstate was 
prepared by adding 10ml of water per 5gm of material The 
slurry was spread over the glass plates with the help of an 
applicator to obtain a uniform thin layer of 0.2mm thickness. 
The plates were then dried in an oven at 80°C. The solvent was 
allowed to travel 15cm from the point of application. The R, 
values of the front and rear limits (R.^  and Rj respectively) were 
recorded to determine the actual position of the spot. The 
developed chromatogram was dried and spots detected by 
spraying with the reagent. 
Determination of distribution coefficient 
Ion-exchanger in the H" form (0.5g) was equilibrated at 
25±5°C with solutions of alkaloids in a 250ml erlenmeyer flask 
The total volume was adjusted to 50 ml with the desired sohents 
The amount of alkaloid remaining in the solution was determined 
CHAPTER 112 
spectrophotometrically (19). The distribution coefficient was 
calculated according to the formula: 
1-F 50 
K = ^ 
F 0.5 
Where 
1 = amount of alkaloid applied, 
F = amount of alkaloid found in solution after 
equilibration (Table 5.1). 
Quantitative separation of alkaloids 
The separation of alkaloids was carried out by the elution 
technique. Exchanger (1.5g, 50-100 mesh) was packed in a glass 
column (i.d. 0.69cm) with a glass wool support at the end and 
washed 2-3 times with demineralised water. 2.0ml binary 
mixtures of solutions of sparteine (1000-2500^g) with harmane. 
anabasine, isatidine, hyoscyamin and brucin^ were passed through 
the exchanger. The elution process was carried out at a constant 
flow rate of 0.5ml/min. Sparteine was eluted with 5.0M NH^NO, 
+ l.OM HNO, (l:lv/v). Other alkaloids were eluted with 0.5M 
HNOj, 20-45ml being required. For each new separation a fresh 
column was used (Table 5.2). 
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Quantitative estimation of alkaloids in cattle feed and milk samples 
50 grams of cattle feed was mixed with 50ml of 4% sodium 
hydroxide and 5ml of ethylene dichloride. pH was maintained 
above 9. The solution was centrifuged for ten minutes to break 
off the emulsion. Aqueous layer was aspirated off. An equal 
volume of 0.5% potassium hydroxide was added to ethylene 
dichloride layer and was equilibrated in a shaker incubator at pH 
above 9 for four hours at 25±2°C. After aspirating off the 
aqueous layer, the mixture was concentrated under vacuum for 
chromatographic application. For preparing the milk samples 50ml 
was first heated to solubilise the fats. The sample was then mixed 
with 10ml of 4% potassium hydroxide solution and the above 
described process was followed. 
RESULTS AND DISCUSSION 
Ion exchange studies in mixed solvent systems offer 
attractive possibilities and often lead to important analytical 
separations. The aforesaid remark is supported by the trend 
displayed when dimethylsulfoxide - formic acid and dimethyl 
formamide - nitric acid media are utilised as solvents for the 
separation of alkaloids on stannic tungstate. 
The most striking and peculiar behaviour of sparteine in 
various solvent systems revealed the capability of utilising stannic 
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tungstate for separation of sparteine. The spots were compact and 
reproducibility in Rp values was found to be excellent for all the 
components comprising the synthetic mixture containing varied 
quantities of sparteine. It is apparent from distribution coefficient 
values presented in Table 5.1 that stannic tungstate show 
differential selectivities for alkaloids. The sorption percentage of 
sparteine was found to be maximum over a wide range when 
solvent polarity at t-scale varied from 2.24 to 80.40. Very high k^  
values of sparteine were obtained in formic acid-dimethylsulfoxide. 
nitric acid-dimethyl formamide and ethyl acetate-water-pyridine 
Table 5.2 shows the quantitative separations of sparteine from 
other alkaloids on stannic tungstate columns. 
A linear correlation of moderate degree was found to exist 
between sparteine content of milk and feed (Fig. 5.1). Correlation 
between different values were tested by simple linear regression 
using the method of least squares. Thirty eight cattle were 
sampled four times with an interval of ten days from July to 
September. It was striking to note that the amount of sparteine 
detected in the samples collected during July and September was 
approximately in the ratio 3:1. 
In dimethyl formamide-nitric acid systems nicotine. 
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phenylnicotinate, anabasine & sarcosein and opioid alkaloids 
(papaverine, morphine, codiene & thebaine) showed higher k^  
values while imidazole (glyoxaline) and 1,2-dimethylimidazole 
showed lower k^  values. This is probably because in the presence 
of dimethyl formamide-nitric acid, pyridine and isoquinoline 
alkaloids cause an increase in the ionising and exchanging 
tendency of stannic tungstate and a consequent increased retention 
of nicotinoids and opioids. Isoquinoline alkaloids showed greater 
retention in chloroform-acetone (9:1) also. Quinoline alkaloids 
namely, quinine, quinidine, cinchonine and cinchonidine showed 
higher k^  values in n-butanol-hydrochloric acid (9:1) but a reverse 
trend was observed in n-butanol-acetic acid-water (2:1:1). 
ethylacetate-acetic acid-water and chloroform-acetone systems. 
With an increase in the concentration of formic acid the 
retention of imidazole and strychnos alkaloids was observed to 
decrease. On the other hand k^  values of indole alkaloids increase 
sharply when concentration of formic acid was increased beyond 
0.5M (Fig. 5.2). The relatively higher k^  values of 2-methylindole 
is probably because of the presence of methyl group resulting in 
the formation of carbanion which supplements the exchange 
process of the nitrogenous base with the anion of the exchanger. 
On the other hand the presence of two doubly bonded oxygen 
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atoms in isatin and of a methoxy group in harmine causes 
lowering of k^  values. 
In pure formic acid brucine and strychnine move to the 
solvent front. Table 5.3 summarises a number of binary 
separations achieved on the basis of Rp values. For lobeline. 
nicotine and harmane, R^  values were found to increase as dioxane 
content in dioxane-nitric acid system is increased. However, the 
reverse trend was observed in formic acid-dimethylsulfoxide 
systems. It is interesting to note that the sequence of k^  values is 
reverse of the Rp values in almost all the systems studied. The 
affinity of various alkaloids in 2% acetic acid and in 2% citric 
acid was in the order methyl nicotinate < anabasine < nicotine < 
phenyl nicotinate. However the affinity trend observed in IM 
hydrochloric acid was methyl nicotinate < phenyl nicotinate < 
nicotine < anabasine. It may be concluded that it is the anion of 
the exchanger which is responsible for the adsorption of alkaloids 
The separation of sparteine and other alkaloids from 
synthetic and natural samples utilising stannic tungstate layers 
and columns offer the advantages of a miniaturised separation 
technique, including low operational costs. 
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TABLE - 5.3 
Binary Separations Achieved on Stannic Tungstate Layers 
Solvent System 
1 5% formic acid 
2 n-butanol-acetic 
acid-water (2:1:2) 
3) n-butanol-hydroch-
lonc acid (9:1) 
4) n-butanol-nitric acid 
(100:1) 
5). ethylacetate-acetic acid 
1 -water (2:0.9:0.9) 
! 
i 6) chloroform - acetone 
1 (9:1) 
1 7). methanol-chlorofomi 
1 
; (9:1) 
8). ethyl acetate-water-
pyridine (2:2:9) 
1 
1 
j 
1 
i 9) acetic acid-sodium 
! acetate (1:1) 
1 
' 
Separations achieved 
(i) brucine (0.59-0.70)-sparteine (0.01-0 11) ' 
(ii) atropine (0.42-0.51 )-sparteine (0.01 -0.09) , 
(iii) codiene (0.61-0.69)-sparteine (0.03-0.12) 
(iv) strychnine (0.47-0.61 )-sparteine (0,04-0 14) 
(v) lobeline (0.54-0.65)-harmane (0.26-0.39) 
(i) cichonine (0.73.0.86)-sparteine (0.01-0 12) i 
(ii) quinine (0.69-0.81 )-brucine (0.43-0.59) 
(iii) str>chnine (0.77-0.88)-brucine (0.42-0.60) i 
(i) harmane (0.52-0.60)-quinine (0.27-0.35) i 
(i) codiene (0.78-0.86)-harmane (0.21-0.33) 
(ii) nicotine (0.54-0.69-harmane (0.21-0.32) 
(i) cinchonine (0.62-0.75)-isatidine (0.34-0.49) ' 
(ii) quinine (0.56-0.64)-harmane (0.20-0 37) 
(i) hyoscyamin (0.80-0.88)-codiene (0.24-0 29) 
(ii) cinchonine (0.67-0.8 l)-sparteine (0.0-0.20) 
(i) codiene (0.59-0.8l)-brucine (0.23-0.39) j 
(ii) atropine (0.73-0.89)-str>'chnine (0.42-0.56) 
(i) phenyl nicotinate (0.73-0.86)-
anabasine (0.34-0.51) 
(ii) thebaine (0.64-0.79)-codiene (0.23-0.38) 
(i) methyl nicotinate (0.67-0.79)- ' 
phenyl nicotinate (0.29-0.36) 
(ii) nicotine (0.32-0.50)-str>'chnine (0.17-0 32) 
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10). dioxane-0.1M nitric acid 
(14) 
11). dimeth>l sulfoxide -
formicacid(l:3) 
12). dimethylsulfoxide: 
formic acid (1:4) 
13). dimethyl formamide: 
nitricacid (1:4) 
1 
1 
1 
' ^ — 
Separations achieved 
(i) lobeline (0.59-0.71) - xanthine (0.28-0.40) 
(ii)sanguinarine (0.66-0.81 )-isatidinc(0.25-0 3 )^ 1 
(iii) cinchonidine(0.48-0.61 )-cinchonine(0 43-0 61) j 
I 
1 
(i) capsaicin (0.67-0.75 )-sparteine (0.001) 1 
(ii) quinine (0.80-0.88)-sparteine (0.0-0.19) 
(iii) 2-phenyi indole (0.54-0.71 )-
sparteine (0.0-0.15) 
(iv) imidazole (0.5 l-0.59)-sparteine (0.0-0.15) | 
(i) cinchonine (0.66-0.75)- sparteine (0 0-0.17) 1 
(ii) capsaicin (0.62-0.7())-sparteine (0.0-0.14) j 
(iii) morphine (0.5 l-0.69)-codiene (0.36-0 47) 
1 
(i)imidazole(0.80-0.89)- I 
2mercaptobenzothiazole (0.41-0.57) ' 
(ii)thebaine (0.58-0.7 l)-papaverine (0.24-0.39) 1 
(iii) imipramine(0.63-0.79)-nicotine (0 32-0.49) 
(iv) sanguinarine (0.55-0.67)-anabasine (0,27-0 39) | 
(v) brucine (0.80-0.89)-sparteine (0.11-0.20) | 
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